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PROCESS AND INSTALLATION FOR 
RECOVERY AND PURIFICATION OF 
ETHYLENE PRODUCED BY PYROLYSIS OF 
HYDROCARBONS, AND GASES OBTAINED 
BY THIS PROCESS 


FIELD OF THE INVENTION 

This invention concerns in general and in a first of its 
aspects, the chemical industry and, in particular, a method 
for high-yield recovery and purification of ethylene as well 
as other products originating from a gas produced by pyroly- 
sis of hydrocarbons. This invention also concerns an instal- 
lation and equipment for exploiting this method on an 
industrial scale. 

BACKGROUND 

A large number of papers and patents addressing the 
production, recovery, and purification of olefins show their 
industrial importance and the problems encountered in the 
exploitation of the various processes. 

Recently, the production capacity of ethylene units has 
attained and even exceeded the level of 1 million tons per 
year for a single line; which requires a new approach in the 
design of the process, equipment, and the controllability of 
the unit. 

In systems of recovery and purification, particularly for 
ethylene, the elimination of acetylene is a key element in 
purification. Because of its relative volatility with respect to 
ethylene and ethane, it cannot be separated by distillation. In 
industrial practice^ only two processes are applied: absorp- 
tion of acetylene by a solvent and hydrogenation to ethylene 
and ethane. 

The first method involves the use of a solvent which is 
usually N,N-dimethylformamide (DMF) or 
N-methylpyrrolidone (NMP), which allows for preferential 
recovery of dissolved acetylene. . 

The second method, catalytic hydrogenation, is generally 
carried out by treatment of all the gas from cracking before 
separation of the hydrogen contained in it, or a separate 
treatment of the cuts containing C 2 hydrocarbons after 
addition of sufficiently pure hydrogen to transform all the 
acetylene into ethylene and ethane. These two types of 
hydrogenation use palladium-based catalysts with different 
formulations. 

The stage of hydrogenation of acetylene has also been the 
subject of a number of papers and inventions dealing with 
the catalyst system and the formulations of the catalyst, and 
exposing the specific disadvantages connected with each of 
the hydrogenation technologies. 

Thus, in the case of treatment of all the cracking gas 
originating from the pyrolysis of hydrocarbons in a hydro- 
genation reactor, a racing reaction may occur, corresponding 
to an acceleration of the kinetics of the reaction transforming 
the acetylene into ethylene (and also undesirable secondary 
reactions) because of a significant increase in the tempera- 
ture of the catalyst together with the presence of a large 
excess of hydrogen (50 to 100 times the quantity required by 
stoichiometry). The ethylene can then be transformed into 
ethane and may thereby cause a significant rise in 
temperature, which requires immediate depressurizing of the 
reactor to prevent an explosion. 

In the case of treatment of the C 2 cut alone, polymeriza- 
tion of the acetylene and progressive deactivation of the 
catalyst may occur, because of the large concentration of 
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unsaturated hydrocarbons in the cut to be treated, which 
necessitates regeneration or periodic replacement of the 
catalyst charge. Generally, a reserve reactor is installed to 
avoid interrupting production. In addition, it is necessary to 
use a purified hydrogen current for the reaction, and these 
two aspects tend to increase the investments for reserve 
equipment or the equipment used only for the purpose 
described. 

SUMMARY OF THE INVENTION 

The present invention overcomes the disadvantages of the 
known previous techniques by purification of the ethylene- 
rich fraction at an intermediate stage of the process. 

Thus the invention concerns, according to one of its 
aspects, a process for fractionation of a large anhydrous gas 
resulting from pyrolysis of hydrocarbons containing hydro- 
gen and hydrocarbons, particularly C, to C 3 hydrocarbons, 
including ethylene, propylene, and acetylene, and at least 
one current enriched with hydrogen and/or methane, at least 
one current enriched with ethylene and poor in acetylene, 
and at least one propylene-rich current, including stages 
wherein: 

a) the gas resulting from the pyrolysis of hydrocarbons 
under pressure is cooled and liquefied progressively by 
passage into a series of increasingly colder heat- 
exchange zones. At least one condensate is separated 
from the pyrolysis gas after passage into each heat- 
exchange zone, at least one of the condensates being 
propylene-enriched and at least one other condensate 
being ethylene and ethane enriched, and containing in 
solution a smaller proportion of hydrogen, methane, 
and acetylene, and the residual hydrogen-rich gas is 
collected; 

35 b) at least part of the ethylene- and ethane-enriched 
condensate and the propylene-enriched condensate is 
evaporated by a decrease in pressure. They are 
reheated, independently or not, in at least one of the 
heat-exchange zones by thermal exchange with fluids 

40 to be cooled, including at least the gas resulting from 
the pyrolysis, to provide, respectively, a fraction that is 
at least partly evaporated due to the reduction in 
pressure and reheating of the ethylene- and ethane- 
enriched fraction, and a fraction that is at least partly 

45 evaporated due to the reduction in pressure and the 
reheating of the propylene-enriched fraction, to provide 
at least part of the cold needed for cooling and for 
progressive liquefaction of at least said gas resulting 
. from the pyrolysis of hydrocarbons upon passage into 

50 said successive heat-exchange zones; 

c) the fractions which are at least partly evaporated, 
resulting from stage (b), are introduced into part of a 
distillation column called a de-ethanizer, the ethane- 
and ethylene-rich partly evaporated condensate being 

55 admitted into a point of the part of the distillation 
column called the de-ethanizer, higher than the 
propylene-enriched partly evaporated condensate, the 
part of the distillation column called the de-ethanizer 
operating under conditions of temperature and pressure 

60 allowing the separation, in an upper part, of a first 
current of ethylene- and ethane-enriched head gas 
containing, in a smaller proportion, acetylene, 
hydrogen, and methane, and in a lower part, a first 
bottom current of propylene-enriched fluid, which is 

65 collected; 

d) the first current of ethylene- and ethane-enriched head 
gas from stage (c) in a zone of acetylene elimination by 
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extraction with solvent and/or by selective hydrogena- 
tion of the acetylene by means of hydrogen containing 
in the first gaseous head current, to provide a current 
essentially devoid of acetylene, and 
e) in the part of the distillation column called the 5 
de-methanizer, the gas current which is essentially 
devoid of acetylene from stage (d) is cooled and 
fractionated in a second hydrogen- and/or methane- 
enriched head gas fraction, which is collected, and a 
second bottom liquid fraction which is enriched with 10 
ethylene and ethane, and is essentially devoid of 
acetylene, and which is also collected. 
The charge gas is generally essentially free of water to 
prevent deposits of ice in the low-temperature circuits. Thus, 
a water content lower than 10 ppm by volume, preferably 15 
less than 1 ppm, is desirable. 

According to one of its aspects, the process according to 
the invention may use the gas current from the pyrolysis of 
hydrocarbons at a pressure of 15-50 bar, preferably 28-38 
bar, and the distillation zone called the de-ethanizer may be 20 
at a pressure of 10-30 bar, preferably 14-24 bar, lower than 
the pressure of the pyrolysis gas. 

According to one of its aspects, the process according to 
the invention may use evaporated condensates introduced 
into the part of the distillation column called the 25 
de-ethanizer; these condensates contain dissolved hydrogen 
in a proportion such that the first head gas current contains 
2 to 10%, preferably 4 to 5%, in moles, of hydrogen, and 
stage (d) may be implemented by essentially ethylene- 
selective hydrogenation of the acetylene contained in the 30 
first head gas current by means of the hydrogen contained in 
the first head gas current of stage (c), the temperature of the 
hydrogenation zone being between 0 and 160° C, inclusive. 

According to one of its aspects, the process according to 
the invention may use the hydrogen dissolved in the evapo- 35 
rated condensates introduced into the part of the distillation 
column called the de-ethanizer, so that it is the only hydro- 
gen used for the hydrogenation carried out in stage (d). 

According to one of its aspects, the process according to 
the invention may be implemented by sending into the top 40 
of the de-ethanizer of stage (c) two or three condensates 
obtained after successive passage of the pyrolysis gas, 
respectively, into two or three last heat-exchange zones of 
stage (a), considering that the first heat-exchange zone is the 
one which is first to be in contact with the pyrolysis gas. 45 

The pyrolysis gas may be, for example, a naphtha or 
ethane pyrolysis gas. 

According to one of the aspects of the process according 
to the invention, the second head gas fraction from the 
de-methanizer may be purified by distillation to recover 50 
ethylene and ethane. 

According to one of the aspects of the process according 
to the invention, the pyrolysis gas may be an ethane pyroly- 
sis gas, or a gas for pyrolysis of the ethane/propane mixture, 
and the second head gas fraction from the de-methanizer 55 
may be mixed with the pyrolysis gas without ethylene 
recovery, for a new treatment in mixture with the pyrolysis 
gas in stage (a). 

According to one of the aspects of the process according 
to the invention, the hydrogen content of the first head gas 60 
current from the de-ethanizer may be increased by the 
addition of hydrogen from the head of a fluid separator, this 
fluid coming from the cooling in a heat-exchange zone of the 
residual gaseous fluid resulting from refrigeration in the 
successive heat-exchange zones of the pyrolysis gas. 65 

According to one of the aspects of the process according 
to the invention, part of the second bottom liquid fraction 
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from the de-methanizer is recycled into the de-ethanizer, to 
reduce the acetylene concentration of the first head gas 
current from the de-ethanizer. 

According to one of the aspects of the process according 
to the invention, stage (d) can be carried out by extraction of 
the acetylene by means of a solvent. 

According to one of the aspects of the process according 
to the invention, the carbon monoxide concentration con- 
tained in the first head gas current may have a moderating 
effect on the catalyzed reaction rate in the acetylene elimi- 
nation zone. 

According to another of its aspects, this invention con- 
cerns an installation for the fractionation of a gas resulting 
from pyrolysis of hydrocarbons containing hydrogen and 
hydrocarbons, particularly C, to C 3 hydrocarbons, including 
ethylene, propylene, and acetylene, and at least one current 
enriched with hydrogen and/or methane, at least one current 
enriched with ethylene and poor in acetylene, and at least 
one current enriched with propylene, comprising: 

a) means for progressively cooling and liquefying the gas 
from the pyrolysis of hydrocarbons under pressure by 
passage into a series of increasingly colder heat- 
exchange zones, means for separating from the pyroly- 
sis gas at least one condensate after passage into each 
heat-exchange zone, at least one of the condensates 
being propylene-rich and at least one other condensate 
being ethylene- and ethane-rich, and containing in 
solution a smaller proportion of hydrogen, methane, 
and acetylene, and means for collecting the hydrogen- 
rich uncondensed residual gas; 

b) means to evaporate, at least in part, by reduction in 
pressure, the ethylene and ethane-rich condensate and 
the propylene-rich condensate, and means to heat them 
independently in at least one of the heat-exchange 
zones by thermal exchange with the fluids to be cooled, 
to provide, respectively, a fraction that is at least partly 
evaporated due to the reduction in pressure and the 
heating of the ethylene- and ethane-rich fraction, and a 
fraction at least partly evaporated due to the reduction 

-in pressure and the heating of the propylene-rich 
fraction, to provide at least part of the cold necessary 
for progressive cooling and liquefaction of at least the 
gas resulting from the pyrolysis of hydrocarbons upon 
its successive passage into the heat-exchange zones, 

c) means to introduce the partly evaporated fractions 
resulting from stage (b) into part of a distillation 
column called the de-ethanizer, the partially evaporated 
ethylene- and ethane-rich condensate being admitted at 
a point of the part of the distillation column higher than 
the partly evaporated propylene-rich condensate, the 
part of the distillation column operating under condi- 
tions of temperature and pressure permitting the 
separation, in an upper part, of a first ethylene- and 
ethane-rich head gas current containing, in a lower 
proportion, acetylene, hydrogen, and methane, and in a 
lower part, a first propylene-rich liquid bottom current, 
which is collected, 

d) means to send the first ethylene- and ethane-rich head 
gas current resulting from stage (c) into an zone for 
acetylene elimination by extraction with a solvent 
and/or by selective hydrogenation of acetylene by 
means of the hydrogen contained in the first head gas 
current, to provide an essentially acetylene-free 
current, and 

e) means of cooling and fractionation, in part of a distil- 
lation column called the de-methanizer, of the essen- 
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tially acetylene-free gas current from stage (d) and a feed gas in the heat exchanger 6, mixes with the pressure- 
second head gas fraction, rich in hydrogen and/or reduced product 15 in gate 15A from the bottom of the 
methane, which is collected, and a second ethylene- separator 4, then flows in countercurrent to the pyroly sis gas 
and ethane-rich bottom liquid fraction, essentially free into the heat exchanger 2. It is then vaporized by circulating 
of acetylene, which is also collected. 5 in the multiple-flow exchanger 16. The product heating said 

exchanger may be propylene from the closed circuit cycle or 

BRIEF DESCRIPTION OF DRAWING FIGURES any other a pp r0 p ri ate hot fluid. The product exiting 17 

The invention is described with reference to the attached essentially contains the C 3 hydrocarbons and the heavier 

diagrams, and by showing two modes of embodiment of the hydrocarbons contained in the feed gas 1, with the exception 

invention as nonlimiting illustrations. 10 of those contained in products 12 and 13, and is supplied to 

In the diagrams' column CI at the level of its middle section. In a variant, 

FIG. 1 illustrates schematically the treatment of a gas P roducts 14 and 15 are sent separately into column CI. 

resulting from pyrolysis of the ethane/propane and/or the . distillation column CI is heated by a hot fluid in a 

liquefied petroleum gas (LPG); heat exchanger REB1, which is, for example, either hot 

FIG. 2 shows the same treatment applied to the gas 15 )T ate , r from f P roce f °T low-pressure > vapor depending on 

resulting from pyrolysis of naphtha and heavier hydrocar- the ^Tu^ P * v rl 6 ° f" d 8 ^ C " C ° n " 
bons nected to the bottom composition of the column. The service 

■ , < j • 1 ^ ^ J, pressure of the column CI is preferably between 14 and 24 
For FIG. 1, the number 1 designates the feed line of the b ar 

sufficiently dry pyrolysis gas (for example, lOppm water)at 20 ^ product 18 drawn off the bottom of the column C1 
a pressure that is selected based on ^required hydrogen can ^tHated in the traditional manner to recover the 
pressure (for example, 15 to 50 bar, preferably between 28 , unj sho located downstream from the 

and38bar) - process. 

The typical composition of a gas obtained by ethane ^ mmat 19 from ^ t or 11 is further cooled 
cracking is shown in the table below (in mol ft):. 25 jn a <f eat exchanger 20 by ^-temperature/ gases as 

described below, and in the heat exchanger 21 by vaporiza- 
tion of ethylene from a closed-circuit cooling cycle. The 
partly.condensed gas 22B obtained at a temperature between 
-90 and -100° C. is supplied to the ethylene separator 22 at 
30 the bottom part 22C. 

The liquid product 23 collected at the foot of the ethylene 
separator 22 is reduced in pressure in gate 23 A, heated by 
This gas is cooled in the multiple-flow beat exchanger 2 the feed gas in the heat exchanger 20, possibly mixed with 
and in exchanger 3, respectively, by heat exchange with the product 13 exiting separator 11 and which has been reduced 
cold gases produced by vaporization of the condensates 35 in pressure in gate 13A, and is heated again and partly 
mentioned below and by vaporization of propylene circu- vaporized in the heat exchangers 9 and 6. The resulting 
lating in the traditional cooling loop in a closed circuit. product 25 is the reflux from column CI. 

The partly condensed gas is supplied to separator 4 at a The process and-the equipment described represent the 
temperature preferably between -30 and -40° C. first remarkable characteristics of the invention, in which: 

The gas 5 collected at the head of the separator 4 is further The column CI, which is a de-ethanizer, does not need a 
cooled, in the multiple- flow heat exchanger 6, by the cold top condensation system and the associated equipment, 
gases produced by vaporization of the condensates men- The head product of column CI is a C 2 cut which contains 
tioned below, and additionally by product 43, which is the a certain quantity of methane and hydrogen dissolved in the 
C 2 cut from the bottom of the de-methanizer C2. 45 condensates from the separators 4, 7, 11 and 22. This 

The partly condensed gas in the exchanger 6 is then is ' quantity is lower than in the equivalent columns of the 
supplied to the separator 7 at a temperature preferably previously known processes, and offers an additional cost 
between -45 and -55° C. The gas 8 collected at the head of advantage. 

the separator 7 is further cooled in the heat exchangers 9 and The pressure of column CI may be chosen in a range 
10, respectively, by the cold gases, as above, and by vapor- 5Q allowing for a low bottom temperature and making it 
ization of ethylene circulating in a closed-circuit cooling possible to avoid the known phenomena of temperature- 
cycle, related clogging. . 

The partly condensed gas is supplied to the separator 11 Returning now to separator 22, the gas 24 from the head 
at a temperature preferably between -65 and -75° C. of the lower part 22C of the separator 22 is further cooled in 

The liquid exiting the separator 11 is preferably divided 55 the heat exchanger 26 to a temperature generally lower than 
into two parts, product 12 and product 13, previously -120° C. 

reduced in pressure respectively, in gates 12 A and 13 A. The gas 24, cooled and partly condensed, is reintroduced 

The product 12 flows in countercurrent to the feed gas as product 24C into the separator 22 in its upper part 22D, 
through the heat exchangers 9, 6, and 2, and is supplied to above the lower part 22C. The condensed fraction separated 
the top section of the distillation column CI. Product 12 is 60 in the upper part 22D of the separator 22 is introduced into 
partly vaporized before being fed into column CI, called the a series of pipes 24 A equipped with a hydraulic guard, and 
de-ethanizer, because its role is essentially to separate is then introduced into the top of the lower part 22C 
ethane, ethylene, and the lighter top hydrocarbons, and The gas fraction 27 exiting the top of the upper part 22D 
propylene and the heavier fractions at the bottom of the of the separator 22 is composed of a mixture of hydrogen, 
column. 65 methane, carbon monoxide, and traces of ethylene. The 

The liquid product 14 from the separator 7 is reduced in product 27 is heated in the heat exchangers 26 and 20 before 
pressure in the gate 14A, and flows in countercurrent to the . it is reduced in pressure in the turbine 28. 
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The product 30 exiting the turbine 28 is heated by the feed pressure of 10 to 16 bar, separates the components lighter 

gas in the complete series of exchangers 26, 20, 9, 6, 2, and than ethylene at the top, and leaves the. purified C 2 hydro- 

16, before it is compressed in the machine 29, which is carbons in the bottom product 43. 

harnessed to turbine 28. The product 30A is discharged from The distillate 44 exiting the head of the column C2 is sent 

the process. 5 t o the heat exchangers 9, 6, 2, and 16 to be heated, and it can 

The head distillate of column CI, the product 31, is heated finally be recycled to the gas compression system outside the 

in the charge/effluent heat exchanger 32 and in the heater 33 field of application of this invention, 

before entering the catalytic reactor Rl. The role of this j^q ethylene-rich bottom product 43 undergoes pressure 

reactor is selective hydrogenation of the small quantity of reduction in gate 43A; it is heated and partly vaporized in the 

acetylene, generally less than 1% in moles, and transforma- 10 exc h a nger 6, and can be supplied to a traditional ethylene 

tion of it into ethylene and ethane. This catalyst system is purification column/not shown. 

based on a known type, for example, palladium-based, and According t0 this description, the preferred technology 

does not require additional description. The temperature is, fof eliminating acetylene is the hydroge nation performed on 

for example 0 to 160 C. the product 31 because the acetylene is transformed into 

The second notable characteristic of the invention, com- 13 ethylene and ethane, which are products with more eco- 

pared to a known equivalent technique, is the fact that nomic potential. However, if we wish to preserve the 

hydrogenation is earned out on a mixture of gas that already acetylene, a solvent extraction system can be applied to 

contains sufficient hydrogen in addition to the 3 hydrocarbon pro duct 31, which would replace the whole circuit of the 

components of the C 2 cut, ethylene, ethane, and acetylene, hydrogenation reactor, with equipment Rl, 32, 33, 34, and 

to accomplish the reaction under moderate and safe condi- zu 35 jj^ constitutes another advantage over the processes 

tions. Pure hydrogen need not be added. using hydrogenation of acetylene . over the entire cracking 

The typical composition of product 31 is shown in the ga s, which requires modification to adapt it to a solvent 

following table: extraction system. 

25 For FIG. 2, the number 1 designates the feed line of the 
cracking gas having a typical composition indicated below, 
in mol %, as produced by pyrolysis of naphtha or a similar 
charge. 

30 
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TOTAL 
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The advantages over the prior art are as follows: 

A lower total volume flow, hence a reduced catalyst 
volume, because of the. presence of a small proportion of 
hydrogen, for example 4 to 5% in moles of hydrogen (more 

generally 2 to 10%), compared to 30-40% in the traditional 35 

systems. The description is very similar to that of FIG. 1, and for 

Safer operation because of the decreased risk of a run- this reason it is sufficient to define the data that are signifi- 

away reaction in the case of uncontrolled exothermic hydro- cantly different from the preceding, 

genation of ethylene. 40 ^ as num ^ er cooled in heat exchangers 2 and 3, is 

Addition of purified hydrogen is not needed to supply the supplied to the separator 4 at a temperature generally 

reactor. ~ between -15 and -30° C. 

Catalyst poisons are partly eliminated by condensation Gas 5 is further cooled in the multiple-flow exchanger 6 
and fractionation of the C 2 cut in the de-ethanizer. The small to a temperature between -20 and -35° C. The gas circulates 
quantity of carbon monoxide present in the mixture to be 45 through a limited number of contact zones in countercurrent 
hydrogenated has a beneficial moderating effect on the to the condensed liquid in the heat exchanger 54, which 
conduct of the hydrogenation, because this makes it possible forms an integral part of the absorption column 7, and it is 
to limit the frequency and the rapidity of any runaway cooled by the vaporized ethylene coming from a closed- 
reactions that may occur. . circuit cooling cycle. A variant not shown in FIG. 2, but 

The effluent from reactor Rl containing virtually no 50 which can be readily reconstructed by an expert in the field, 

acetylene is cooled in the heat exchanger 34, then passes consists of pumping part of the liquid exiting the separator 

through the charge/effluent heat exchanger 32 and the pro- 11 » described below, to the top of the absorption column 7, 

tection dryer 35 containing a dehydrating agent, for example to generate in this column a liquid product at countercurrent, 

a molecular sieve (zeolite) or similar, to yield a dried gas 36. remaining within the field of application of this invention. 

The product 36 containing residual hydrogen and 55 The gas 8, collected at the head of the absorption column 

methane, in addition to the ethylene and ethane, is cooled in 7, containing only small quantities of C 3 hydrocarbons and 

the reboiler REB2 and the column C2 and the subcooler 37 heavier hydrocarbons, is then cooled in the heat exchangers 

using propylene resulting from a closed-circuit cooling 9 and 10 before being supplied to the separator 11. The 

cycle. The partly condensed product 38 is supplied to the liquid product is divided into two parts: the product 12 is 

separator 39. The gas 40 collected at. the head of the 60 partly vaporized in the heat exchangers 9, 6, and 2, and then 

separator 39 is then cooled in the heat exchangers 6 and 41, is supplied to column CI at an intermediate height. Product 

respectively, with cold gases in the multiple flow exchanger 13 is associated with the cold product coming from the 

6 and with vaporized ethylene from a closed circuit cooling exchanger 20, and is heated in the heat exchangers 9 and 6 

cycle in the cooler 41, and is supplied to the top of the before being supplied to the top of the column CI. 

column C2. The liquid 42 coming from the bottom of the 65 The liquid product 14 coming from the absorption column 

separator 39 is supplied to the middle zone of the column 7 is also heated in the heat exchangers 6, 2, and 16, and is 

C2. The column C2, called the de-methanizer, operates at a supplied to column CI in intermediate position. 


US 6,5' 

9 

The distillation column CI is heated by a hot fluid 
circulating in a reboiler REB1, a fluid which may be hot 
water from the process or low-pressure vapor, or a combi- 
nation of the two by the additional use of a second reboiler 
(not shown, but familiar to an expert in the field). 

The residue 18, collected at the foot of the distillation 
column CI, is treated so that the ethylene and other valuable 
products can be recovered from it, in downstream units not 
shown. 

The gaseous product 19 coming from the separator 11 is 
cooled in the heat exchanger 20 by low-temperature gases 
and in the exchanger 21 by vaporized ethylene from a 
closed-circuit cooling cycle. The partly condensed gas 22B 
is supplied to the separator 22 at a temperature of -90 to 
-100° C. 

The liquid product 23 from the separator 22, which has 
undergone pressure reduction in gate 23A, is heated by the 
feed gas in the heat exchanger 20, mixes with the product 13 
from the separator 11 that has undergone pressure reduction 
in gate 13A. 

Returning now to separator 22, the head gas 24 is cooled 
in the exchanger 26 to a temperature generally between -110 
and -120° C. to provide a fraction 24C which is supplied to 
the separator 22A. The top part of the separator 22A receives 
the recycled liquid 50 after pressure reduction in gate 50A 
which comes from the division of the liquid pumped from 
the separator 48 into two separate flows. The separator 48 is 
itself supplied by the distillate 46 from the methane rectifier 
45, previously cooled to a temperature generally between 
-115 and -130° C. in the heat exchanger 47. 

The head gas fraction 52 exiting the separator 48 is heated 
successively in the exchangers 47, 26, 20, 9, 6, 2, and 16, 
and is then collected. The liquid foot fraction exiting the 
separator 48 is pumped by a pump 49. Part of the fluid from 
the pump 49 is sent to a pipe 51 which includes a gate, to the 
top of the separator 45. 

The head gas 27 exiting the separator 22A is a mixture of 
hydrogen,, methane, carbon monoxide and traces of ethyl- 
ene. This product is heated in the complete series of 
multiple-flow heat exchangers described above, and it leaves 
the circuit in the form of crude hydrogen. If necessary, the 
product 27 can be purified to obtain hydrogen at 95% in a 
Joule-Thompson system before leaving the limit of this part 
of the process. In addition, part of product 27 can be mixed 
with fraction 31 prior to passage, into the heater 33, to 
increase the hydrogen concentration when necessary with a 
view to hydrogenation of the acetylene in reactor Rl. 

The liquid product 24A subjected to pressure decrease in 
gate 24B is heated in the heat exchanger 26, then is mixed 
with product 23 coming from the separator 22 after pressure 
decrease in gate 23A. The resulting product 53 is heated in 
the exchanger 20 by the supply gas, then is mixed with 
product 13 before it is heated and partly vaporized in the 
heat exchangers 9 and 6. The resulting product 25 is the 
reflux for column CI. 

As described above, column CI constitutes the first 
remarkable characteristic of the invention. 

The description of the treatment of product 31 from the 6 q 
heat distillate of column CI is in all points similar to the 
description given on FIG. 1, and for this reason it is not 
repeated here. However, it should be noted that this treat- 
ment constitutes the second notable characteristic of the 
invention. 65 

The typical composition of product 31 is shown in the 
table below, in mol %: 
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H 2 CO 

CH 4 

C*H 4 



c 3 + 

TOTAL 

%moL 1.42 0.015 

29.12 

62.14 

5.99 

1.31 

0.005 

100.00 


The advantages over the prior art are similar to those 
described above. 

10 Product 36, containing residual hydrogen, carbon 
monoxide, and methane in addition to ethylene and ethane, 
is treated in a manner similar to the description of FIG. 1, 
and it is detailed in FIG. 2. Because of the greater quantity 
of methane present in the head distillate 44 of column C2, 
15 this product is treated in a methane rectification column 45, 
the principle of which is known to the expert in the field. 
Thus gaseous product 44 exiting the head of the demetha- 
nization column C2 is introduced into the rectifier 45 after 
cooling and partial condensation in an exchanger 63, by 
20 vaporization of ethylene from a closed-circuit cooling cycle. 
The liquid fraction collected at the foot of the rectifier 45 
is pumped by the pump 55 to provide a liquid 56. This liquid 
is separated into a first flow 58, which is cooled in the 
exchanger 26 to provide the flow 59, and in a second flow 
25 which undergoes pressure reduction in a gate 57, to be mixed 
subsequently with the fraction 40 after cooling in the heat 
exchangers 6 and 41. 

The treatment of the bottom product of column CI is 
similar to the treatment described in detail with FIG. 1. 

30 

The flow 59 is cooled in the heat exchanger 47, and then 
is separated into: 

a first fluid 60A, passing into a gate 60, which is then 
heated in the exchanger 47 to supply a fluid 62, 
35 and/or a second fluid, passing into a gate 61, and which is 
then mixed with fluid 60A after heating of the latter in 
the exchanger 47, to provide the fluid 62. 
The latter fluid 62 is then heated in the succession of heat 
exchangers 26, 20, 9, 6, 2, and 16; in this preferred mode of 
40 embodiment, it is finally recycled to the gas compression 
system outside the field of application of this invention. 

The elimination of acetylene from product 31 can be 
accomplished by absorption and extraction with a solvent 
instead of hydrogenation, without deviating from the scope 
45 of this invention. 

The present invention is illustrated and described accord- 
ing to the preferred embodiments, but it is understood that 
changes and modifications can be made by the expert in the 
field without deviating from the field of application of the 
invention. 
What is claimed is: 

1. A process for fractionation of a substantially anhydrous 
gas resulting from pyrolysis of hydrocarbons, containing 
hydrogen and hydrocarbons, particularly hydrocarbons from 
Cj to C 3 , including ethylene, propylene, and acetylene, in at 
least one of a hydrogen and a methane-enriched current, at 
least one of an ethylene-enriched and an acetylene-poor 
current, and at least one propylene-enriched current, the 
process comprising, in stages: 

a) cooling and liquefying a gas resulting from pyrolysis of 
hydrocarbons, progressively, under pressure by passage 
through a series of increasingly cold successive heat- 
exchange zones, separating at least one condensate 
after passage into each heat-exchange zone, at least a 
first of the condensates being propylene-enriched, and 
at least a second of the condensates being ethylene- and 
ethane-enriched, and containing, in solution, a smaller 


